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A study of biological compatibility of PHAs
One of the key features of the novel biomaterials must be their absolute harmlessness to a living organism and biocompatibility. The biomaterials intended for long-term contact with blood have to undergo particular scrutiny, because hemocompatibility is the most important aspect of biological compatibility of biomaterials.
Based on the processes of the synthesis of PHAs with different chemical compositions developed and implemented by the authors , a study was conducted to investigate in vitro and in vivo biological compatibility of matrices prepared from PHAs of different chemical compositions (Nikolaeva et al., 2011; Shishatskaya et al., 2012; Volova et al., 2013a) .
High-purity PHA specimens -a homopolymer of 3-hydroxybutyric acid P(3HB) and poly-3-hydroxybutyric-co-4-hydroxybutyric acids
[P(3HB-co-4HB)], poly-3-hydroxybutyric-co-3-hydroxyvaleric acids [P(3HB-co-3HV)], and poly-3-hydroxybutyric-co-3-hydroxyhexanoic acids ] copolymers were produced in the Institute of Biophysics SB RAS . Adhesive properties of matrix surface and the ability of the membranes to maintain cell proliferation potential were investigated in experiments with mouse fibroblast NIH 3Т3 cells.
The number of cells on the reference matrices (polylactide) was significantly lower than on all the PHA membranes throughout the observation period. As the differences in the number of cells proliferating on matrices prepared from different
PHAs were insignificant, all PHAs tested in this study proved to be highly biocompatible and Then, biocompatibility of all types of PHA matrices was investigated in the experiment with animals. Response of the organism, blood reaction, local tissue reaction, and polymer biodegradation dynamics were studied by implanting polymer film matrices to sexually mature female Wistar rats for 6 months .
The following results were obtained. All to the implants, however, remained high. There were macrophages "lying" on the surface of polymer fibers; some FBGCs had 10-12 nuclei.
Active macrophages phagocytizing the polymer and FBGCs were also observed there, suggesting migration of matrix disintegration products.
Almost all matrices, except the P(3HB)-based ones, were considerably destroyed and broken into pieces. P(3HB-co-3HHx), P(3HB-co-4HB), and PLA matrices were present as a few fragments of destroyed films.
This study showed that matrices prepared from poly(3-hydroxybutyrate), poly(3-hydroxybutyrate-co-4-hydroxybutyrate), poly(3-hydroxybutyrate-co-3-hydroxyvalerate), and poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)
were biocompatible and that tissue response to the subcutaneous implantation of these matrices was moderate. No significant differences were found in tissue responses to the implantation of 2D matrices prepared from these PHAs; P(3HB)
did not cause a more pronounced tissue response than the copolymers tested in this study. These results are generally consistent with the data reported in rather few published studies that addressed similar subjects, which were performed on laboratory animals, using several PHAs of this kind. In vivo experiments were performed with meshes coated with P(3HB) by using the There were some differences in reparative osteogenesis, depending on which implant had been used to fill the model defect. In animals whose bone defects were filled with Bio-OSS®, osteogenesis was less active.
Histological examination of the tissue sections at the site of the model defect also
showed that implantation of P(3HB) gave better results than implantation of reference materials.
In 30 days after bone defects were filled with P(3HB), bone lamellae were being rearranged into compact bone. That was confirmed by the presence of osteons with distinct cement lines.
The P(3HB) implanted material was considerably Hence, its biomechanical properties must be much worse than those of the new bones in the animals with P(3HB) implants. The resorption of the composite P(3HB)/HA matrix occurred at a lower rate than the P(3HB) resorption. By the end of the experiment, at Day 90, the cortical bone had been formed almost completely, with the Haversian system, osteocytes, and osteoclasts.
In some regions of histological sections, the direction of bone lamellae of the newly formed tissue was rather chaotic than longitudinal. The sections still showed HA and P(3HB) particles.
There were particles in which HA was separated from P(3HB) by a layer of mesenchymal cells.
In Important results have been obtained in a study of PHA constructs used to treat experimental osteomyelitis. We carried out a study to determine the effectiveness of PHAs loaded with antibiotics in suppressing staphylococcal infection in bone cavities (Markelova et al., 2012; Shishatskaya et al., 2014) . The experiments were carried out using 4-5-month old male chinchilla rabbits; 60 rabbits were used. The rabbits were divided into Filling of infected bone defects of long bones, which had been subjected to surgical debridement, with hydrophobic P(3HB) and P(3HB)/tienam resulted in quicker subsidence of infection, regeneration of bone defects, and recovery of the support ability of the affected limb than in the control group of animals (with defects filled with bone allograft). Biodegradable 3D implants and P(3HB)-based filling materials showed pronounced osteoplastic properties and degraded in vivo at a slow rate, enabling normal reparative osteogenesis. Based on these positive results, we were able to prepare suggestions for clinical trials of PHAs.
Conclusion
The technology of PHA synthesis has been certified; the hygienic conformance certificate has been issued for the Pilot Production 
